Precise measurement of the Electric Dipole Moment (EDM) and anomalous magnetic moment (g-2) of particles is an important test of Beyond Standard Model (BSM) physics. It is generally believed that the tau lepton couples more strongly to BSM due to its large mass, but searching for tau EDM and g-2 has been difficult because it is highly unstable and the neutrinos from its decay are undetected at collider experiments. A new method to approximately reconstruct the neutrinos from the hadronic decays of τ − τ + pairs produced at e − e + tau factories is proposed. Using the information from the neutrinos, a significant improvement in the related measurements can be achieved. With the matrix element technique, and the estimated 50 ab −1 of data to be delivered by the Belle-II experiment, a tau EDM search with a 1-σ level precision of |dτ | < 2.09 × 10 −19 e·cm, and g-2 search with |∆aτ | < 1.80 × 10 −5 (1.5% of the SM prediction), can be expected. It offers an opportunity to search for BSM with tau leptons in current and future tau factories with high precision.
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When BSM with CP violation exists in the loop diagrams of the photon-lepton interaction vertex, e.g. in some supersymmetric model and extended technicolor model etc [1] [2] [3] [4] [5] , the lepton can possess an EDM, which can be effectively represented by the operator
where σ µν = i[γ µ , γ ν ]/2, F µν is the photon field tensor, v = 246 GeV is the electroweak scale, and c ℓ is a dimensionless coefficient. Λ is the BSM physics scale which is chosen to be 1 TeV. In the nonrelativistic limit, this operator is reduced to
which gives rise to an effective lepton EDM aligned with its spin direction. The anomalous magnetic moment, a ℓ = (g − 2)/2, is defined by a similar operator:
Strong constraints have been set on the electron EDM by experiments such as ACME [6] , and anomalous magnetic moment of the muon is being searched by the Fermilab g-2 experiment [7] [8] [9] [10] [11] , which shows a deviation from the SM value at more than 3σ. Due to the rapid decay of the tau lepton, searching for its BSM signatures is difficult but can still be carried out at collider experiments [12] [13] [14] [15] [16] [17] [18] [19] , and at 95% confidence level (CL), we have [12, 13, 20] :
Compared with the EDM measurement of the electron (< 0.87 × 10 −28 e · cm), the current precision for tau is ten orders of magnitude lower. And the SM prediction of g-2 for tau is [21] :
which is about an order of magnitude below the current experiment precision. Thus, any progress in these measurements will be crucial for searching for BSM. It is expected that billions of tau pairs will be produced at the e − e + colliders, such as Belle-II [22] and future tau-charm factories. Because the chirality of leptons is preserved in their interactions with photons, the two taus are expected to have spins well correlated with each other. On the other hand, operators in Eq. (1) and (3) flip the lepton chirality, which may cause a different spin correlation that can be detected in the topology of the tau decay products. The tau EDM and g-2 are searched for in this work, based on this idea.
Tau leptons are quite complicated objects at colliders, mainly because the neutrinos in its decay products are undetectable. While the spin correlation can be partially obtained with only visible decay products [23, 24] , the information of neutrinos are important to help improve the reconstruction of the tau spin correlation. The technique to reconstruct the neutrino momenta from tau decays developed in our previous works [25, 26] is used for the low energy e − e + collisions. Because Belle-II is starting to take data in 2018, it is worthwhile to simulate data with the Belle-II detector, and investigate the sensitivity one can expect from it for both the tau EDM and g-2 search.
Although Belle-II is a BB factory operating at the Υ(4S) resonance energy, it is also a factory for τ − τ + pairs, with ∼10 10 pairs produced each year till 50 ab
of data is collected by the middle of next decade. This offers an opportunity to search for BSM with high precision that has not been reached before. The data analyzed in this work is simulated with the asymmetric energy of 7 (4) GeV for the electron (positron) beam as for Belle-II. The beams are unpolarized. Both the τ − τ + signal andcontinuum background (qq with q = d, u, s, c) are generated with MadGraph5 [27] , parton showered and hadronized by Pythia8 [28] . To preserve the tau spin correlation, the tau decay models from [29] are used to decay the taus inside MadGraph5. The Υ(4S) → BB process is another background, which is generated with EvtGen [30] . The events are afterwards passed through DELPHES 3.4.0 [31] simulating the detector acceptance and response of Belle-II. Tracking and calorimetry are limited to roughly −1.32 < η < 1.90. A few key detector parameters are worth noting. The track momentum resolution follows 0.3%⊕ 0.1%p T , and the impact parameters follow the resolution of a ⊕ b/(p T sin θ 1/2 ), with a=0.015 (0.020) mm and b=0.007 (0.010) mm for the transverse (longitudinal) impact parameters, d 0 (z 0 ). The particle ID efficiencies are parameterized according to [22] , but the performance of BaBar [32] is also referred to when these parameters are not available in the former, especially for low p T charged tracks for which the Cherenkov detector is not efficient, and dE/dx is best used for these cases. The backward region with −1.32 < η < −0.75 is not covered by the Cherenkov detector, and kaons in this region with p T >0.7 GeV is by default identified as pions. In most other cases, the kaon and pion ID efficiencies are high and their mid-ID rates are at a few percent level.
The major hadronic tau decay modes considered in this work and their branching fractions are:
and the six combinations of these tau decay modes are used in the analysis. The tracks are required to have a minimum p T of 0.2 GeV, and neutral clusters have a minimum energy of 0.1 GeV. To find the two hadronic tau candidates, the charged tracks are divided into two sets, with a net charge of ±1. For 3-prongs taus and events with neutral pions, the combinations with mass closest to a 1 and ρ mesons are chosen. To suppress background, it is required that in the center of mass (CM) frame, all decay products of one tau have positive momentum projections onto the thrust axis [33] , and the ones from the other tau negative projections. Events with identified e ± , µ
are rejected. The numbers of π ± and π 0 for each tau candidate should match one of three tau decays mentioned above. Since the impact parameter resolutions increase fast at low p T , it is further required that each tau should have at least one track with p T >0.4 GeV. For π 0 energy below 1 GeV, the two photons from its decay are well resolved and identified if each photon's energy is above 20 MeV, and for those above 1 GeV, cluster substructure can be used to identify π 0 . For events with π 0 's, there will be extra photon candidates due to unidentified π 0 , or one of the photons from its decay is out of detector acceptance. Therefore, it is further required that the number of photons N γ = 0, and thrust>0.85 to reject continuum. Fig. 1 shows the distributions of these two variable before the cuts. It is clear that in the τ − τ + signal itself, there are nonnegligible fraction of events with wrongly reconstructed tau decay modes, which mainly come from unidentified π 0 's. It is denoted as background τ τ in Fig. 1 . The effective cross sections of different processes are given in Tab. I. The Υ(4S) background is severely suppressed due to K ± and K 0 L veto and the thrust cut. After all selection cuts, the total background (including the wrong τ τ modes) constitutes about 14.0% of the total events. Thus one is left with a clean sample of well reconstructed τ − τ + pairs for the BSM search.
In each event, the two missing neutrinos contain 6 free parameters, while the tau mass, the total 4-momentum of the event, and the impact parameter measurements can provide at least 8 constraints which are sufficient to determine these 6 free parameters. In this work, a χ 2 fitting is performed event by event, with each constraint contributing one term to the combined χ 2 :
where p evt = (0, 0, 3, 11) GeV is the total 4-momentum of the τ − τ + system, σ eve is the expected resolution (0.2 GeV), m τ1,2 are the nominal mass (1.78 GeV), and χ 2 IPi is the contribution from the impact parameters of each track i, which has the form of
The variables with a superscript "fit" are based on reconstructed or fitted variables, including the neutrino 4-momenta that need to be determined by minimizing Eq. (6). The 3-prong tau is special since it has the sum of three terms as Eq. (7). Minimizing this sum can directly give the flight direction of the tau before its decay. Further details can be found in [25, 26] .
In the per-event minimization of Eq. (6), the η fit ν and φ fit ν of one neutrino are firstly scanned over, from which the magnitudes of this neutrino's momenta and the 4-momentum of the other neutrino can be deduced. Conversely, the scan is repeated starting from the parameters of the other neutrino. After a coarse global minimum is found by the scan, a fitting using MINUIT [34] is performed around this point for a better estimation. In Fig.  3 , the ratio of fitted to true neutrino momenta, and the ∆R = ∆η ⊕ ∆φ distance between them, are shown for different tau decay modes. It is clear that the neutrinos from tau decay can be well reconstructed especially for the ρ and a 1 channels.
With fully reconstructed momenta for all final state particles, the calculation of the matrix element event by event is possible, which according to our parameterization (Eq. (1) and (3)), has the following form: 
where, in order to preserve the spin correlation, the Spin Projector [35] is used to calculate M which depend on the momenta of all final state particles. The tau decay couplings are adapted from [29] with the following currents coupling to the tau fermion line: 
where
and F i3 are the form factors for the a 1 channel [29] .
Based on the coefficients M , an Optimal Observable (OO) [36, 37] can be constructed as
, which is sensitive to the values of c τ and a τ [38] . The OO distributions for three different choices of c τ and a τ are shown in Fig. 4 and 6 . Slight shifts in the distributions for different c τ and a τ values with respect to c τ = 0 and a τ = 0 are observed. With the large data statistics that can be cumulated at Belle-II and future tau/charm factories, this shift can be detected and provide evidence for the EDM or anomalous g-2 of the tau lepton.
To quantify the shifts, the ratio of OO distributions between any c τ (a τ ) hypothesis and c τ (a τ ) = 0 is first obtained, as shown in the lower panels of Fig. 4 and 6 (R OO ). If there is no BSM, R OO would be a flat line at 1. With BSM present, a slope is developed which can be fitted with a linear function of
where b is the slope, and x 0 is the intersection point where the lines cross each other. It is found that x 0 = 0 (-3.54) for EDM (g-2). Once b is fitted for different c τ and a τ , their relations can be visualized as in Fig. 5 and 7 . Close to c τ = 0 and a τ = 0, these relations are linear and can be fitted with b c = k c c τ and b a = k a a τ . With the fitted 1-σ CL error for the slope being δb, the corresponding 1-σ precisions for the BSM parameters are δb c /k c and δb a /k a for EDM and g-2, respectively, which are listed in Tab. II. To check that knowing the momentum of the missing neutrino can significantly improve the measurements, a comparison is also performed. Following Eq. (2)- (6) in [12] and Eq. (3.8)-(3.11), (4.3)-(4.4) in [39] , and using only the momenta of the visible decay products [40] , matrix element is recalculated which has similar form with that in Eq. (8) but is averaged over unobserved momenta. New optimal observables are then calculated for the same events in the ππ, πρ, ρρ modes. It is found that the EDM sensitivity is a factor of 4 better with our method, as given in Tab. III.
In conclusion, a new method is proposed in this paper to reconstruct the neutrinos from the tau decays, and the matrix element method is employed to obtain the EDM and anomalous magnetic moment, g-2, of the tau lepton produced in the low energy e − e − colliders. With the information from the otherwise missed neutrinos, a significant improvement can be achieved as shown in Tab. III. Under this framework, it is predicted that with 50 ab −1 of data that will be collected by Belle-II, a precision of |d τ |<2.09×10
−19 e·cm can be achieved for the EDM, and |∆a τ |<1.80 × 10 −5 for the g-2 of tau. The precision of the tau g-2 is about 1.5% of the SM prediction, thus this new framework and the large amount of data collected at current or future tau factories can constrain BSM much better than before.
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